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The purpose of this paper is to demonstrate that the interaction of an aqueous soluble enzyme with lipid membranes is influenced by the lipid
composition of the interphase. The results show that the interaction of an aqueous soluble protease, Rennet from Mucor miehei, depends on the
exposure of the carbonyl and phosphate groups at the membrane interphase. The changes produced by the protease on the surface pressure of
monolayers of dimyristoylphosphatidylcholine (DMPC); dioleoylphosphatidylcholine (DOPC); diphytanoylphosphatidylcholine (DPhPC);
dipalmitoylphosphatidylcholine (DPPC); di-O-tetradecylphosphatidyl-choline [D(ether)PC]; dimyristoylphosphatidylethanolamine (DMPE);
di-O-tetradecyl-phosphatidylethanolamine [D(ether)PE] were measured at different initial surface pressures. The meaning of the ΔΠ vs. Π
curves was interpreted in the light of the concept of interphase given by Defay and Prigogine [R. Defay, I. Prigogine, Surface Tension and
Adsorption, John Wiley & Sons, New York, 1966, pp. 273–277] considering the interphase as a bidimensional solution of polar head groups.
With this approach, and based on reported evidences that carbonyls and phosphates are the main hydration sites of the lipid membranes, it is
suggested that the mechanism of interaction of aqueous soluble protein involves water beyond the hydration shell. At high surface pressure, only
water strongly bound to carbonyl and phosphate groups is present and the interaction is not occurring. In contrast, at low surface pressures, the
protease-membrane interaction is a function of acyl chain for different polar groups. This is interpreted, as a consequence of the changes in the
interfacial tension produced by the displacement of water confined between the hydrated head groups.
© 2007 Elsevier B.V. All rights reserved.Keywords: Lipid monolayer; Surface pressure; Superficially active water; Interphase; Lipid–protein interaction1. Introduction
The classical picture of a cell is a compartmentalized system
in which the membrane is the barrier of contention of the
cellular material. This visualization has driven to the classifica-
tion of proteins in integral or peripheral membrane proteins and
aqueous soluble ones. This classification is derived from the
operational processes used to obtain each fraction, i.e. usingAbbreviations: PC, phosphatidylcholine; DPPC, dipalmitoylphosphati-
dylcholine; DMPC, dimyristoylphosphatidylcholine; DOPC, dioleoylpho-
sphatidylcholine; DPhPC, diphytanoylphosphatidylcholine; D(eter)PC, di-
O-tetradecylphosphatidylcholine; PE, phosphatidylethanolamine; DMPE,
dimyristoylphosphatidylethanolamine; D(eter)PE, di-O-tetradecylphosphatidy-
lethanolamine; Phlo, phloretin;Π, surface pressure; Πi, initial surface pressure;
ΔΠ, change of surface pressure
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doi:10.1016/j.bbamem.2007.06.010detergents, in the case of integral proteins; changes in pH, ionic
strength, addition of urea, cleavage with phospholipase C or D,
in the case of peripheral proteins. Aqueous soluble proteins are
those remaining in solution after cell disruption without any
further treatment.
These results give place to the inference about the location of
each kind of proteins in the cell structure: integral proteins
immersed in the lipid matrix, peripheral proteins adhered to cell
surfaces by covalent, electrostatic or hydrogen bonds, or other
short range forces, and aqueous soluble ones dissolved in the
bulk of the cell cytoplasm.
The structure of isolated proteins, showing the presence of
hydrophilic and hydrophobic regions exposed at the protein
surface, is congruent with the previous location picture.
Some proteins, falling into the category aqueous soluble,
present functional activity when, after isolated from cells, are
maintained in a buffered solution. It is implied that, in this
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are compartmentalized in the cell cytoplasm.
Also, there exists evidence in bibliography demonstrating the
interaction of some aqueous proteins with membranes, as actin
and c-Fos [1,2]. These works show that protein–membrane
interaction is dependent on the surface pressure of the membrane
and on the polar head groups of the phospholipid components.
On the other hand, it has been shown that the activity and
stability of aqueous soluble enzymes, such as trypsin and α-
chymotrypsin, increase drastically when they are encapsulated in
reversedmicelles of detergents. These increases were dependent on
the decrease in the total water content of the micellar lumen [3,4].
These two findings open several queries on the protein
function and the properties of the so-called aqueous soluble
enzymes in relationwith cell structure, in general, andmembrane
interaction, in particular.
The total concentration of macromolecules in a cell's
cytoplasm exceeds hundreds of grams per liter [5]. It is
reasonable that such crowded macromolecules enclosed by a
membrane would be held at a short distance between them and
the membrane surface.
Results in micellar systems, showing that enzyme activity is
affected by the restrictions of water in the environment, suggest
that the organization of water may affect the enzyme activity. In
this context, the interaction of an aspartyl protease Rennet of
Mucor mieheiwith lipid membranes, showing different catalytic
activity in the presence of different lipid environments, suggests
that the organization of water at the interphase may be imposed
by the types of lipids [6].
Although it is known that water, in cellular systems, plays a
fundamental role for stability and function, water organization
at the membrane interphase, in relation to protein interaction,
has not been studied in detail.
Studies in our laboratory and others have pointed out the
peculiar dynamical and topological organization of water at the
membrane interphase [7]. On the base of these results, organized
water at the surfaces may be acting as a link between enzyme
activity and the membrane interphase. The intermolecular lateral
interactions in the plane of the membrane, between the
phosphate and the groups linked to them such as cholines and
ethanolamines, among others, modulate their interactions with
water and viceversa. For example, nearest-neighbor interactions
among PC head groups are mediated by water bridges and those
among adjacent PEs by direct hydrogen bonds between the
phosphate and ethanolamine residues [8–10].
The surface tension at a lipid–water interface is due to forces
between the lipids in the monolayer, and the lipids with the bulk
subphase. The changes in area change the packing density of the
lipids, affecting the interfacial tension. Thus, the extents of the
solvo-/hydrophobic and solvo-/hydrophilic regions are changed.
The interactions betweenwater molecules in the bulk solution
are different from those between interfacial water molecules and
head groups and exposed acyl chains of the lipids. The resulting
surface pressure at the interphase when lipids are spread at the
air–water surface is dependent on the lipid phase state, lipid head
group and hydrocarbon chain composition and the temperature
[11–14].When a monolayer is formed on the air water interphase at
constant area, the area per lipid can be calculated at each surface
pressure, taking into account the area of the trough and the
nmoles of lipid added. The minimum area per lipid is obtained
when the surface pressure reaches a constant value, which does
not change with further additions of lipids (saturation). As lipids
are stabilized without any external force, this limit is given by
the packing restriction imposed by the hard hydration layer of
the phospholipid.
For a same surface pressure, DMPC has a higher area per
molecule than DMPE [15–17], which is in relation to their
hydration numbers. Phosphocholines hydrate with 18–20 water
molecules in the fluid phase and around 8 in the gel state [18]. In
contrast, a value of 4 has been reported for PEs [19]. This gives
place to an excluded volume constituted by non-solvent water
that contributes to the membrane thickness and area per lipid
molecule [20].
The topological characteristics resulting from the hydration
of the phospholipid head groups have been ascribed to the
exposure of carbonyl and phosphate groups to the aqueous
media [7].
In this regard, Lewis et al. [21], using molecular models,
concluded that the di-alkyl-glycero-phospholipids organized the
glycerol backbone parallel to the interphase, instead of in the
plane of the normal of the bilayer, as is the case of the diacyl-
glycero-phospholipids (see Fig. 1). The area per lipid of the di-
alkyl-glycero-phospholipids is higher than their corresponding
di-ester forms [16,21,22].
According to these authors, the orientation of the glycerol,
parallel to the interphase plane, produces higher exposure of the
phosphate group that becomes more hydrated than in the diester
PC.
In this paper, considering these properties of the lipid
membranes, it became of interest whether they were relevant
for the interactions of aqueous soluble proteins. Based on
previous results, showing that its activity was a function of the
restriction of water in inversed micelles, we choose for this study
an aqueous protease, Rennet fromM. miehei, as a model system.
The surface pressure and the area per lipid of different phos-
pholipids monolayers were measured, varying the hydrocarbon
chains and the head group.
On this base, taking into account the concept of interphase
given by Defay and Prigogine [23] the interphase can be
visualized as a bidimensional solution of hydrated polar head
groups. With this approach, carbonyls and phosphates would be
hydrated in a primary hydration layer and immersed in water
confined in the interphasial region. This water, confined between
the lipids, could be distinguished from the hydration water and
bulk water. The first one would correspond to water tightly
bound to the hydration sites, such as phosphates and carbonyls
and can be removed by drastic procedures of drying or by H-
bonding compounds such as trehalose and phloretin [15,24–30].
Water beyond the hydration shell is not so tightly bound to the
lipids as the hydration water but, due to its confinement between
lipid residues, it differs from bulk water since its surface free
energy is higher in comparison to the molecules of the bulk
[23,31–33].
Fig. 1. Organization of the membrane interphase regions of a diacyl-glycero-phosphatidylcholine (A) and a dialkyl-glycero-phosphatidylcholine (B) bilayer or
monolayer.
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how the interaction of the chosen aqueous soluble enzyme,
Rennet, can vary with the distribution of different sites of
hydration at the membrane interphase.
The results are discussed in terms of the relation between
water surface activity and surface pressure [23].
2. Materials and methods
Dimyristoylphosphatidylcholine (DMPC), dioleoylphosphatidylcholine
(DOPC), diphytanoylphosphatidylcholine (DPhPC); dipalmitoylphosphatidyl-
choline (DPPC); di-O-tetradecylphosphatidylcholine [D(ether)PC]; dimyristoyl-
phosphatidylethanolamine (DMPE); di-O-tetradecylphosphatidylethanolamine
[D(ether)PE] were obtained from Avanti Polar Lipids Inc (Alabaster, AL). The
lipids were 99% pure and used without any further purification, after being
checked by thin layer chromatography (TLC), using the corresponding solventmixture to each type of phospholipid. Single spots after exposure to the suitable
developers were obtained.
Peroxidation levels in unsaturated phospholipids (DOPC) were checked by
UV spectroscopy, and it was found negligible under the conditions employed.
Aspartyl protease from M. miehei and phloretin were obtained from Sigma
Chemical Co. Inc. (St. Louis,MO). Salt was eliminated from enzyme solutions by
dialysis against distilled water. Enzyme concentration was determined spectro-
photometrically by using the extinction coefficient ε278 nm=1.36 ml mg
−1 cm−1
[34].
All other chemicals were of analytical grade and ultrapure water
(conductivity 0.09 μS/cm, pH=6±0,3) was obtained in an Osmoion equipment
(Apema, Buenos Aires, Argentina).2.1. Changes on the surface pressure of lipid monolayers
The changes of the surface pressure of monolayers induced by Rennet
protease were measured in a Kibron μTrough S equipment, at constant
Table 1
Saturation pressure (Πsaturation) of DPhPC, DOPC, DMPC, DPPC, DMPE,
D(ether)PC, D(ether)PE, DMPC:Phlo (1:0,7), D(ether)PC:Phlo (1:0,7)
monolayers, and cut offs (Πcut off) and slopes (m) obtained for the same lipids
mentioned, from Figs. 2–6
Type of lipid Πsaturation±sd
(mN/m)
Πcut off± sd
(mN/m)
m±sd
DPhPC 48.0±0.7 39.6±0.4 0.43±0.01
DOPC 47.2±0.9 41.4±0.3 0.33±0.02
DMPC 47.8±0.8 41.5±0.5 0.26±0.01
DPPC 46.6±0.6 39.5±0.9 0.26±0.03
DMPE 45 a±0.5 30.56±0.04 0.259±0.002
D(ether)PC 48.0±0.7 31.9±0.3 0.353±0.004
D(ether)PE 44.5±0.5 29.4±0.6 0.28±0.03
DMPC:Phlo 49a±1 33±1 0.35±0.05
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Teflon trough of fixed area was exhaustedly cleaned. Then, a chloroform or
chloroform: methanol (9:1) solution of phospholipids, depending on the polarity
of the lipid, was spread on this surface, to reach surface pressures between 16 and
42 mN/m.
In this range, the surface pressure–area isotherms of DOPC, DPhPC,
DMPC, DPPC, and DMPE show that the lipids are forming monolayers
[35–39]. At each chosen surface pressure, a protein solution volumewas injected
in the sub-phase to accomplish a concentration of 1.57μMand the changes on the
surface pressure were followed during time to reach a constant value. The same
procedure was followed for all monolayer compositions. Surface pressure or
increases of surface pressure at constant surface area were automatically
recorded.
The spreading of this fixed quantity of protein on a clean aqueous surface, as
well as the injection of it into water, results in a surface pressure of 13 mN/m,
which is below the surface pressure of the studied lipid monolayers.D(either)PC:Phlo 49a±1 31.4±0.5 0.37±0.02
a From Lairion F. (2006), PhD's dissertation, UBA.
3. Results
Fig. 2 shows the changes (ΔΠ), induced by the protease
Rennet from M. miehei, on the initial surface pressure (Πi) of
monolayers with different lipid compositions.
The surface pressure obtained for 1.57 μM of protein, in the
absence of lipid monolayer, was 13 mN/m. The initial surface
pressure of monolayers was always above this value, even at the
lowest initial surface pressure. Therefore, the change observed
upon the injection of the protein into the subphase can be
ascribed to an effect of the protein on the monolayer interfacial
tension.
According to data in Fig. 2, the cut off of the curves of four
different types of PCs: dioleoylphosphatidylcholine (DOPC),
diphytanoylphosphatidylcholine (DPhPC), dipalmitoylpho-
sphatidylcholine (DPPC) and dimyristoylphosphatidylcholine
(DMPC) were very close within the experimental error:
39.5 mN/m for DPPC; 39.6 mN/m for DPhPC and 41.5 mN/m
for both DMPC and DOPC (see Table 1).Fig. 2. Changes of the surface pressure of monolayers of phosphatidylcholine
with different acyl chains, due to the protease, at 25 °C. (●) DPhPC; ( ) DOPC;
(▴) DMPC; ( ) DPPC. Final enzyme concentration in the subphase was
1.57 μM. Each point was measured by triplicate. Each point and its repetitions
were independent measures.In addition, it is observed in the same figure, that the slopes
of the curves ΔΠ vs.Πi follow the sequence (see also Table 1):
DPhPCNDOPCNDMPCNDPPC
The cut off of the curves appears related to the head group of
the lipid specie. The cut off is much higher in DMPC than in
DMPE, as we can see in Fig. 3. However, both lipids show the
same slope for the same hydrocarbon acyl chains (see Table 1).
With the aim to evaluate the participation of carbonyl groups
of the phospholipids in protein–lipid interaction, we worked
with the di-alkyl forms di-O-tetradecyl-phosphatidylcholine
[D(ether)PC] and di-O-tetradecylphosphatidylethanolamine
[D(ether)PE]. In Fig. 4, it is observed that the cut off is
affected by the absence of the carbonyl groups in PCs and the
slope is increased with respect to DMPC. The slope is shifted
to values corresponding to DOPC (see Table 1). In contrast, theFig. 3. Changes of the surface pressure of monolayers of phospholipids with
different head groups, due to the protease, at 25 °C: (▴) DMPC; (▵) DMPE.
Final enzyme concentration in the subphase was 1.57 μM. Each point was
measured by triplicate. Each point and its repetitions were independent measures.
Fig. 4. Effect of protease on the surface pressure of (▴) DMPC; (●) D(ether)PC.
Final enzyme concentration in the subphase was 1.57 μM. Each point was
measured by triplicate. Each point and its repetitions were independent measures.
Fig. 6. Effect of protease on the surface pressure of monolayers of (▴) DMPC;
(□) DMPC:Phlo (1:0,7); ( ) D(ether)PC:Phlo (1:0,7); (●) D(ether)PC; (▵)
DMPE. Final enzyme concentration in the subphase was 1.57 μM. Each point
was measured by triplicate. Each point and its repetitions were independent
measures.
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ester and ether forms of PEs with a slight displacement in the
cut off of the D(ether)PE to lower values (Fig. 5).
The differences observed between the interaction of protease
with PC and PE monolayers can be ascribed to a lower exposure
of the phosphate of PE to the water phase [8–10].
In order to prove the compromise of phosphate in the
protein–membrane interaction, the effect of protease on PC
monolayers was assayed blocking the phosphate groups with
phloretin. It is known that phloretin, a poly-hydroxylated
compound of the flavonoid family, interacts with the phosphate
groups of phospholipids [15]. This interaction is higher in PC
than in PE, because in this last lipid, there is strong H bondingFig. 5. Effect of protease on the surface pressure of monolayers of (▵) DMPE;
(○) D(ether)PE. Final enzyme concentration in the subphase was 1.57 μM. Each
point was measured by triplicate. Each point and its repetitions were independent
measures.of the phosphate group with the amine of the ethanolamine
group of neighbor molecules [8–10].
In Fig. 6, it is observed that the presence of phloretin affects
the behavior of monolayers of DMPC but the effect is
insignificant in D(ether)PC monolayers.
The different cut off (Πcut off) and slopes (m), with their
corresponding standard deviation, obtained for the different
lipids are resumed in Table 1.
4. Discussion
When the aqueous soluble protease is added to the subphase
of a lipid monolayer, an increase in the surface pressure is
produced, depending on the initial surface pressure. We have
the precaution to work with monolayers at surface pressures
well above that corresponding to the protein adsorbed in a clean
water surface. Therefore, the changes cannot be ascribed to the
adsorption of the protease in regions or patches not covered by
the lipids. Thus, the changes are due to an effect of the protease
on the lipid monolayer interfacial tension.
The four monolayers of different PCs assayed, with Rennet
protease, show a similar cut off around 39.5–41 mN/m,
although they present different slopes (Fig. 2 and Table 1). In
contrast, the cut off corresponding to a phosphoethanolamine
head group for the same hydrocarbon chain falls at lower values
in comparison to the phosphocholine group (Fig. 3 and Table 1).
The difference in the cut off values between PC's and PE's
head groups, maintaining the same acyl residues, can be related
with the limit area of the hydration layer for each polar group
[15,16]. As a result, at the same surface pressure, a greater
number of PE molecules should be packed due to the smaller
area per lipid.
However, the cut off pressure, in both cases, is lower than that
corresponding to the saturation pressure of the monolayer, at
constant area (see Table 1). The cut off in DMPE is 30.56 mN/m,
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the cut offs are between 39.5 and 41 mN/m and the saturation
pressures around 46–48 mN/m. This indicates that the area
corresponding to the cut off pressure is higher in comparison to
the area of the saturated monolayers.
That is, it is not necessary to reach the limit of packing, given
by the hard core hydration layer of the head group, to hinder
protein interaction.
Instead, there should be an additional separation between the
lipid's head groups to allow the protein to affect the surface
pressure.
The decrease in surface pressure by a decrease of the number
of lipid per unit area favors the protein interaction. This
decrease would give place to more water available for protein
interaction, above that corresponding to the area occupied by
the hydration water. Thus, as the changes in surface pressure
observed in the monolayer are different with respect to that
produced by the protein on the clean water interphase without
lipids, the interfacial free energy of this excess water should
differ from the bulk and from the interfacial water at the air
water interphase.
For a given head group, the magnitude of the interaction
depends on the nature of the acyl chain. Modifications of the
chains allow a higher protein interaction for the same head
group in the sequence DPhPCNDOPCNDMPCNDPPC. That
is, the branching and the unsaturation make more favorable the
interaction.
This could be related to the higher areas of the lipid
interphase exposed by each lipid species for the same surface
pressure [35–39,17]. The higher area available for the lipids
gives place to superficially active water located among the
phospholipids. This water in the monolayer appears dependent
on the spacer effects produced by the wobbling of the acyl
chains, in addition to the hydration water around the polar head
groups. In consequence, in order to the adsorption of protease
takes place, the excess of free energy of the active water facing
the non polar regions should decrease. This could be related to
the relaxation of the structure of water confined in those regions.
Following this line of reasoning, the interaction of Rennet
with lipids with the same acyl chains and different polar head
groups can be interpreted in the light of the concept of
interphase given by Defay and Prigogine [23]. The nature of the
lipid interface, i.e. lipid composition, causes the interfacial
tension to be different for different lipid packing densities. At
high packing densities the head group coverage is good, and
most of the interactions are between water molecules and lipid
head groups.
With an increasing area per molecule, the head group
coverage gets weaker, and more water faces the acyl chain
region.
These effects will lead to a change in the interfacial tension
with a changing area. The Defay–Prigogine model of the
interface exploits this aspect of the interfacial tension
phenomena. When close packing of the polar head groups is
attained, as it is the case of strong lateral interactions between
PEs, the spread of water into the acyl region is unlikely. When
these interactions are weak, such as in PCs or at lower packing(larger areas in PE), water starts to stabilize around the acyl
chains. The confined water decreases with a reduction of the
cavity due to increased chain nature and lateral pressure
increase. When at a given surface pressure the hydrophobic
cavities at the membrane/water interface are exposed, the excess
of surface energy of the confined water will lead to modulate the
protease interaction.
The hydration of the DMPE is lower than DMPCs because of
the strong head to head interaction between phosphate and
amine groups of adjacent PE molecules [8–10].
This determines a lower interaction of the protein for the
same surface pressure in comparison to PCs. However, it is
noticeable that the slopes of the ΔΠ vs. Π curves for different
head groups are equal for similar acyl chains. This denotes that
the active surface water is dependent on the hydrocarbon nature
of the phospholipid.
It is interesting to note that the hydration sites P_O and
C_O determines the modulation of the protein interaction. In
this regard, the results with ether derivatives are analyzed next.
When carbonyls are absent in DMPC both the cut off and the
slope change (Fig. 4 and Table 1). The absence of the carbonyl
groups displaces the cut off to values closer to those of PEs. This
confirms that carbonyl groups contribute as hydration center to
the hydration hard core of the polar head group [29,40]. In
addition, the change in the slope is in the same direction as that
produced when the acyl chains of the phospholipids are
unsaturated or branched, giving the interesting result that the
absence of carbonyl groups also contributes to the amount of
confined water, according to the definition given above. This
could be related to a change in the profile of water distribution
affected by the carbonyl groups, which is congruent with Lewis
et al.'s molecular models, mentioned in Introduction.
The higher area per lipid of the di-ether forms would be
comparable to the presence of branched residues or unsatura-
tions explaining the increase in the slope.
The contribution of carbonyl groups of the phospholipids to
the protease–membrane interaction can also be evaluated from
the comparison of the results in ether and ester phospholipids of
PC and PE. When the interaction among the lipids is weak, as in
diacyl PC, the carbonyls are accessible to compounds of aqueous
phase. In consequence, the interaction decrease is noticeable
when the carbonyl groups are absent in this phospholipid.
However, the protease shows similar interaction with the dialkyl
and diacyl PE forms (Fig. 5). This could be ascribed to the strong
head–head interaction between the phosphate and the ethano-
lamine groups, which would hinder the access of the carbonyls.
In both diether and diester PE, the protein interaction is much
lower than that observed in D(ether)PC. Therefore, the
phosphate could be also important in the interaction, due to
its lower exposure in PEs to water, because of its H-bonding
with the neighbor ethanolamine group.
To analyze this point we use phloretin, which is known to
interact with the phosphate group of the phospholipids [15]. In
the presence of this poly-hydroxylated compound, the action of
protease on DMPC surface pressure decreases (Fig. 6),
decreasing the cut off and increasing slightly the slope (Table
1). This effect is comparable to that found with D(ether)PC.
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increased by the expansion effect of this poly-hydroxylated
compound [15,16], and the hydration layer of the phospholipid
decreases because of displacement of water due to the phloretin
[41].
That is, the effect of phloretin can be explained as a result of
an effect on the hydration layer (lowering the cut off) and an
increase in the slope as a result of area expansion.
For the sake of comparison, the effect of phloretin on the
interaction of protease with D(ether)PC was also tested (Fig. 6).
Protease interaction with D(ether)PC:Phlo(1:0,7) does not
differ with respect to monolayers of D(ether)PC. This is
congruent with the fact that the increase in area per lipid
molecule, due to phloretin, is not as evident as it is in the
interaction with DMPC monolayers [16]. In addition, the non
variation of the cut off and the slope suggests that the
hydration would not be modified by phloretin. The structural
explanation for this behavior can be done in line to the
molecular models of Lewis et al. (1996), where a higher
exposure of the phosphate group of the di-ether form gives
place to a more hydrated phosphate than in the diester PC.
When the phloretin interacts with the phosphate group of the D
(ether)PC, it interacts with a group more projected into the
aqueous phase and for this reason the changes in the area per
lipid are not significant.
In light of the present results, it appears that water tightly
bound to the polar head groups, as carbonyl and phosphate
residues, is hard to displace by this protease. Instead, water that
appears in the interphase at lower pressures (confined water) is
sensible to the presence of aqueous soluble proteins such as this
protease and seems to be modulated by the type of hydrocarbon
chains.
The evidence in this work supports the hypothesis that the
quality of water, that the protein needs, may be modulated in the
membrane interphase by the exposure of the hydration sites and
the nature of the hydrocarbon chains. This gives relevance and
specificity to the types of lipids in contact with the protein
solution.
In addition to this thermodynamic picture, there are some
structural aspects that may be considered. The importance of
C_O and phosphate groups on the surface properties of lipid
bilayer have been suggested before [42,43]. However, no
correlation between the exposure and modulation has been
previously analyzed in terms of the interaction of proteins from
the aqueous solution.
This study provides evidence that the dynamical exposure of
C_O groups affects the interaction of an aqueous soluble
enzyme with the lipid membrane. This property is directly
determined by the lipid specie in accordance with the strength of
the lateral interactions of the phosphate with the adjacent head
groups.
Strong interactions would hinder C_O mobility and P_O
exposure.
The variety of lipids found in a cell membrane would gain
relevance because in relation to its hydration, lateral interactions
and lipid head group nature would modulate the interaction of
protein normally found in aqueous space.This opens the opportunity to discuss the relevance of
membrane interphases in terms of the cell content. This approach
challenges the conventional idea that aqueous soluble enzymes
work only in aqueous media independent of the nature of the
lipids in the membrane that enclose them.
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